Stanozolol is an anabolic androgenic steroid occasionally abused by athletes. A sensitive, specific, and reproducible method for the quantitative determination of stanozolol in hair has been developed. After the addition of stanozolol-d 3 as the internal standard, hair samples (10-25 rag) were digested with 2 mL of 1N NaOH at 65~ for at least 2 h. Digest solutions were then extracted using solid-phase extraction. The eluents were evaporated, a mixture of N-methyI-N-trimethylsilylheptafluorobutryamide (MSHFBA) and trimethylsilylimidazole (TSIM) (1000:20, v/v) was added, and the mixture heated at 80 ~ C for 5 minutes. After cooling to room temperature, N-methyl-bisheptafluorobutyramide (MBHFBA) was added and the mixture heated at 80~ for 30 rain. The derivatized extracts were analyzed on a Finnigan MAT TM 4500 mass spectrometer in the negative chemical ionization mode. Chromatographic separation was achieved with helium carrier gas on a HP-1 capillary column (15 m • 0.2-mm i.d.; 33-pro film thickness). The assay was capable of reliably quantitating 50 pg/mg of stanozolol and was linear to 2500 pg/mg. Intra-assay precision was 13.2% at 50 pg/mg and 6.6% at 2500 pg/mg. Interassay precision was 13.7% at 50 pg/mg and 6.1% at 2500 pg/mg. This method has been applied to the analysis of stanozolol incorporated into rat hair. Male Long-Evans rats were given stanozolol 20 mg/kg intraperitoneally once daily for 3 days. The mean concentrations of stanozolol in the rat hair collected on day 14 were 362.4 • 332.4 pg/mg in pigmented hair and 90.0 • 46.9 pg/mg in nonpigmented hair. These data demonstrate that stanozolol is incorporated preferentially into pigmented hair.
Introduction
Androgen use was widespread among athletes at the time of the 1964 Olympic Games (1) , and, despite a ban by the International Olympic Committee in 1974, the use of anabolic steroids increased during the 1980s. Analytical methods reported for the detection of anabolic steroids include radioimmunoassay (2), high-performance liquid chromatography (3), and gas chromatography-mass spectrometry (GC-MS) (4) (5) (6) (7) . Currently the most reliable, sensitive, and specific method is GC-MS. Stanozolol, 17~-methyl-1713-hydroxy-5~-androstano-(3,2-C)-pyrazole, was among the anabolic steroid-positive tests reported at the 1988 Olympic games (8) .
Stanozolol (Figure 1 ), like most anabolic steroids, has poor gas chromatographic behavior and its detection in urine is difficult. Although there are reports of the successful detection of stanozolol in the urine (9) , low urinary excretion and increased renal clearance with probenecid (10) complicate its detection in athletes. Therefore, studies have been focused on the detection and characterization of stanozolol urinary metabolites (11) .
Hair has been proposed as an alternative matrix to urine for detecting drug use and may be particularly useful for the detection of anabolic steroids. Anabolic steroids are difficult to detect in urine because they are frequently taken for periods ranging from 4 to 18 weeks, alternating with drug-free periods of I month to 1 year (12) . An important feature of hair analysis is the possibility of detecting drugs in hair for a long period of time after ingestion. Rollins et al. (13) were able to quantitate the presence of codeine in human hair for up to 10 weeks after a single oral dose of codeine. Thus, it may be possible that the anabolic steroids such as stanozolol could also be detected in hair despite prolonged drug-free periods. Melanin, the pigment responsible for the color of hair, is an important factor in the incorporation of some drugs into hair (14) (15) (16) (17) . Compounds with a steroid-like structure have been reported to bind to melanin granules (18, 19) . Thus, it is reasonable to hypothesize that the incorporation of stanozolol into pigmented hair may be greater than its incorporation into nonpigmented hair. This paper describes a sensitive and specific analytical method for the quantitation of stanozolol in hair. The method has been used to evaluate the incorporation of stanozolol in pigmented and nonpigmented hair of Long-Evans rats receiving 20 mg/kg stanozolol for 3 days. diluted in methanol to obtain separate working solutions containing 0.01, 0.1, and 1.0 ng/mL of stanozolol. Stock and working solutions were stored at -20~ until use. The diluted working solutions were used to prepare daily standard curves by fortifying drug-free hair with known concentrations of standards. To fortify hair, drug-free hair was carefully cut into small segments and 20 mg was placed into silanized glass vials, and the standard solution was added. The methanol was then evaporated. The final fortified hair standard concentrations of stanozolol for standard curves were as follows: 0, 25.0, 50.0, 125,250, 375, 500, 1250, and 2500 pg/mg, prepared in approximately 20 mg of nonpigmented drug-free hair.
Material and Methods

Chemicals and reagents
Stanozolol (1 mg/mL) and the internal standard 2H 3-stanozolol (stanozolol-d3; 100 pg/mL) were obtained from Radian Corp. (Austin, TX). High-purity-grade methanol, methylene chloride, and isopropanol were obtained from Baxter (McGraw Park, IL). Analytical reagent-grade potassium phosphate, potassium hydroxide, and a concentrated solution of ammonium hydroxide were purchased from Mallinkrodt (St. Louis, MO). N-Methyl-N-trimethylsilyl-heptafluorobutyramide (MSHFBA) and trimethylsilylimidazole (TSIM) were purchased from Alltech (Deerfield, IL). N-Methyl-bis-heptafluorobutyramide (MBHFBA) was purchased from Omnilabo (Breda, The Netherlands). CleanScreen | solid-phase extraction (SPE) columns (ZSDAU020) were purchased from United Chemical Technologies (Horsham, PA).
Stock solutions and preparation of standard curves
Drug-free rat hair was obtained by shaving the nonpigmented areas of Long-Evans rats. Drug reference solutions were
Preparation of quality control samples
Positive quality control samples (50 and 2500 pg/mg in fortified hair) were prepared daily. Stock solutions used to prepare quality control samples were prepared independently from those used to prepare standards. Drug-free hair was also digested, extracted, and analyzed as a negative control in each assay.
Stanozolol administration and hair collection
Male, hooded, Long-Evans rats (120-150 g) obtained from Harlan Sprague-Dawley (Indianapolis, IN) were kept in a constant room temperature environment with an alternating 12-h light-dark cycle with food and water available ad libitum. Animals were housed individually in hanging wire cages to prevent contamination from their bedding or the urine or saliva of other rats. Stanozolol (Sigma, St. Louis, MO) dissolved in USP ethyl alcohol (20 g/L) was administered intraperitoneally (i.p.; n = 5) at a dose of 20 mg/kg once per day for 3 days. On day 0 (prior to dosing) a 1-in. x 1-in. area on the pigmented stripe on the animal's back and a similarly sized area on the nonpigmented sides of the animal were shaved to the skin using an electric animal shaver. The same areas were again shaved on day 14 and day 28 after dosing. Hair was stored at -20~ until analysis. Hair collected from the animals was not washed prior to analysis. To determine if skin cells were contaminating our hair collections we examined the hair under a dissecting microscope. We found a very small number of skin cells associated with the hair (approximately 1 skin cell/100 hair). Therefore, it seems unlikely that drug in skin cells substantially contributed to the drug concentrations reported in this paper.
Digestion and extraction
Rat hair (10-25 rag) from days 0, 14, and 28 of the dosing protocol was carefully cut into small pieces and mixed thoroughly. Prior to digestion, 25 pL stanozolol-d3 was added to the hair standards and controls (prepared as described previously) and rat samples as the internal standard (final concentration, 1250 pg/mg). The hair was completely solubilized (digested) with 2 mL of 1N NaOH at 65~ for at least 2 h. After digestion, the tubes were cooled in a freezer for 10 rnin, the pH of the samp]es was adjusted to 6.0 with 6N HCI, and i mL 100mM phosphate buffer (pH 6.0) was added. The tubes were mixed and then centrifuged at 2500 rpm for 10 min. SPE columns were conditioned by sequentially adding 3 mL methanol, 3 mL H20, and I mL phosphate buffer (pH 6.0). Care was taken to ensure that the columns did not dry between conditioning steps. Supernatant from the hair digests was added to the columns, and a vacuum was applied. Each column was then washed with 3 mL 10% (v/v) methanol in H20. All columns were dried under vacuum for at least 5 min. Analytes were eluted with 3 mL of freshly prepared methylene chlorideisopropanol-ammonia (78:20:2, v/v/v). The eluents were collected in silanized tubes, and the solvent was evaporated at 40~ under a stream of air. MSHFBA-TSIM (40 1JL, 1000:20, v/v) was added; the tubes were vortex mixed and then heated at 80~ for 5 rain. After cooling to room temperature, 10 ]JL of MBHFBA was added. The mixture was vortex mixed and heated at 80~ for at least 30 min. The tubes were allowed to cool to room temperature, and the liquid was transferred to labeled autosampler vials for injection into the GC-MS.
GC-MS analysis
Analyses were performed on a Finnigan MAT TM 4500 GC-MS equipped with INCOS software (Finnigan MAT, San Jose, CA). The chromatographic column was an HP-1 capillary column (15 m, 0.20-ram i.d., 0.33 1Jm). The initial column temperature of 180~ was held for 1 rain, programmed to 300~ at 20~ and held for 2 min at the final temperature. The carrier gas was helium. The temperatures of the injection port, interface, transfer line, and ionizer were 275, 300, 300, and 130~ respectively. The reagent gas was methane with a source pressure of 0.60 Torr. Emission current, electron energy, and multiplier were set at 0.15 mA, -70eV, and -1500V, respectively. The mass spectrometer was operated in the negative ion chemical ionization mode. Reconstituted extract (1 ~L) was injected onto the GC column in the splitless mode. The mass spectrometer was operated in the selected ion monitoring (SIM) mode and programmed for detection of m/z 576 and 579 of stanozolol and stanozolol-d3, respectively. The negative chemical ionization spectra of stanozolol and stanozolol-d3 did not yield significant molecular anions; consequently, quantitation was achieved by monitoring fragment ions formed by the loss of HF from the respective molecular anions (Figure 2) .
Quantitation of hair extracts
The peak height ratio for each standard, control and sample was calculated as the ratio ofm/z 576/579. A standard curve for stanozolol was constructed by plotting the peak-height ratios of each standard versus the concentration of stanozolol. This procedure was followed by regression analysis of the standard curve by the method of least squares using Cricket Graph software (Malvern, PA). The concentrations of the hair samples were calculated from the regression standard curves.
Recovery
Extraction recovery was experimentally determined by preparing two sets of samples (A and B). Set A consisted of samples at two different concentrations: 50 and 2500 pg/mg (n = 5). This set was digested and extracted using the method as described previously. Samples in set B were digested and extracted as described previously, except the stanozolol-d0 was added to the organic solvent immediately prior to evaporation.
The ratio of analyte (m/z 576) peak height to the corresponding deuterated internal standard (m/z 579) peak height was calculated, and the mean ratios were determined for samples in sets A and B. The mean ratio for set A was divided by the mean ratio for the corresponding concentration in set B to obtain the recovery ratio. The recovery ratio was multiplied by 100 to calculate the percent recovery.
Results and Discussion
Analytical method
Peak-height ratios (stanozolol-d0/stanozolol-d3) were calculated for each standard and plotted against the known concentration of the standard. Simple linear regression of these standard curves was calculated using Cricket Graph software. Pearson product moment correlation coefficients were typically 0.99, and the assay was linear from 25 to 2500 pg/mg hair. To enhance quantitative accuracy at low concentrations, the five closest standard curve values were used. The limit of quantitation of the assay was established at 50 pg/mg. This determination was based on the analysis of actual samples where the response (rn/z 576, peak height) of predose (negative) hair was approximately 1-2% of the internal standard.
Intra-and interassay precisions of the analytical method were determined by analyzing two different concentrations, 50 and 2500 pg/mg, of fortified hair controls in several batches (Table I) . For the determination of intra-assay precision, each concentration was analyzed in replicates of five. For the determination of interassay precision, samples were analyzed in duplicate on five separate days (n = 10). The mean measured concentration for each batch was then used to calculate interassay precision. The mean, standard deviation, and percent coefficient of variation (%CV) were calculated at each concentration of stanozolol. The %CV of both intra-and interassay precision experiments was less than 15%.
Using the manufacturer's recommended method (United Chemical Technologies, Horsham, PA), recovery data in fortified hair at low (50 pg/mg) and high (2500 pg/mg) concentrations were only 14.3% and 17.6% respectively. However, the recovery of stanozolol could be increased to approximately 33%, if, after drying the SPE columns, the methylene chloride-isopropanolammonium hydroxide mixture was added directly to the column. Thus, the recommended hexane-ethyl acetate wash was omitted. In our laboratory, the recovery of codeine from hair is greater than 80% (20) , and the recovery of tetrahydrocannabinol from hair is greater than 60% (21) . However, we have observed lower recovery (approximately 25%) with drugs such as phenobarbital when the hair is digested with NaOH. In the present study, we are not certain if the poor recovery is a result of the use of NaOH digestion or whether it is due to the poor extraction efficiency of our method. The recovery of anabolic steroids from urine has also been reported to be poor (9) . Despite the relatively low recovery reported for our method, stanozolol was readily quantitated in the rat hair specimens. The recovery of stanozolol from pigmented versus nonpigmented hair was not determined.
Quantitation of stanozolol in rat hair
Selected ion chromatograms of derivatized extracts of rat hair from prior to dosing (day 0) and 14 days after dosing are shown in Figure 3 . Fourteen days after dosing, the nonpigmented and pigmented hair contained significant amounts of stanozolol. Hair from day 0 (prior to dosing) and day 28, as expected, contained no stanozolol. The concentrations of stanozolol in pigmented and nonpigmented hair 14 days after dosing are summarized in Table II . The pigmented hair in four of five rats contained more stanozolol than in the nonpigmented hair. The mean concentration of stanozolol in the rat hair collected on day 14 was 362.4 pg/mg in pigmented hair and 90.0 pg/mg in nonpigmented hair, although considerable variability was observed between individual rats. In part, this variability may have resulted from poor hair growth during the stanozolol dosing period. It is also possible that some of the variability we observed is due to the growth of rat hair in cycles (22, 23) . The administration of a drug during a time when the rat hair is not growing could markedly decrease its incorporation. We did observe less pigmented hair growth on rats B, C, and D than on rats A and E, although this was not quantitated. This may explain the variability observed and the lower concentrations of stanozolol in the pigmented hair of rats B, C, and D.
The importance of pigmentation for the incorporation of certain drugs into hair is well-established (14-16). The preference for codeine to be incorporated into pigmented hair can be explained in part by the presence of specific binding sites (17) , and it is probable that these binding sites are the polyanionic polymer, melanin. This is consistent with the observations of Nakahara et al. (15) who have shown that functional groups that increase a drug's basicity will increase its incorporation into hair. It can be predicted that stanozolol would be preferentially distributed into pigmented hair because of the basic nature of its pyrazole ring.
Conclusion
Stanozolol is easily detected in both nonpigmented and pigmented rat hair after systemic administration. The concentrations in pigmented hair are 3.4 times greater than nonpigmented hair. A negative ion chemical ionization GC-MS procedure for the quantitative analysis of stanozolol in hair has been developed that can be used to further study the mechanism of stanozolol incorporation into hair. The dose of stanozolol used in this study is substantially greater than those reported to have been studied in man (9) . Stanozolol is abused by athletes in very large but often unknown doses. Thus, it is difficult to know if the developed method would detect similar concentrations of stanozolol in the hair of regular users.
